- 03967
itam B Kumber ] Kot Scamed

Ruthor Ackerman, D.

Corporate Anthor TRW, Inc., Redondo Beach, Califomia

Report/Article Nitle  At-Sea Incineration of Herbicide Orange Onboard the

MT Vulcanus
Jotrnal/Boek Tita
Yoar 1978
Mont/Bay Apri
ol O]

Nomber of images 277

bascripton Notas

Tuesday, January 08, 2002 Page 3967 of 4009



~

U.S. DEPARTMENT OF COMMERCE
National Technical Information Service

PB-281 690

AT-SEA INCINERATION OF HERBICIDE ORANGE ONBOARD THE
M/T VULCANUS

TRW, INC. REDONDO BEACH, CALIFORNIA

PREPARED FOR ~

INDUSTRIAL ENVIRONMENTAL RESEARCH LAB, RESEARCH
TRIANGLE PARK, NC

APRIL 1978

Acker man .

W . F;skir,
R.Tohason ar el




© T YEGHNICAL REPORT DATA -
{Pkm read Jm‘mcam on the reverse Defore comy eting)

Wuo e - — . et '
| EPA-600/2-78-086 PB 281 590 ——T
4, TITLE AND SUBTITLE REPQRAT DATE
At~Sea Incineration of Herbicide Orange Onboard r April 1978
the M/T Vulcanuﬂ 6. PEAFQOAMING ORGANIZATION CODE
7, AUTHORALS) ,A.Ckm H Fisher ﬁR JO%OI‘[, 8. FERFORMING QRGANIZATION REPQRT NO.
R. Maddaloae! B, Matthews , E. Moon K. Scheyer,
|2. FERFORMING QRGANIZATION HAME ANLD ADDRESS ' 10. PROGRAAM ELEMENT NG.
TRW, Inc. 1AB604 '
One Space Park 11, CONTRACT/SRANT NG
Redondo Beach, California 90278 68-01-29686
12, JPONSORING AGENCY NAME AND ADDRESS ' C 13. TYPE OF BEPOR ND PERIGD COVERED
- | EPA, Office of Research and Development * Eig‘ﬂ;sfmzz AEEW n—
| Industrial Environmental Research Laboratory ' . '
Research Triangle Park, NC 27711 EPA/800/13

- [F5SvRRLEnERTARY WoTes IRRL-RTP project officer i8 Ronald A. Venezia, Mail Drop 82,
. 919/ 541-2547. (*) Cosponsored by the U.S8, Alr Force,

#" The report describes the at-sea incineration of three shiploads (approxi-
mately 10,400 metric tons) of U.S. Air Force-owned Herbicide Orange onboard the
incinerator ghip M/T Vulcanus, within an EPA-designated Pacific Ocean burn zone,
west of Johnston Atoll, The first shipload, transported to the burn zone from the
U.S. Naval Congtruction Battalion Base, Gulfport, Mississippi, was incinerated .
under EPA research permit, Shiploads 2 and 3 were taken onbecard M/T Vulcanus
at Johnston Island and incinerated under EPA special permit. The incineration was
monitored, sampled, and analyzed to ensure compliance with EPA permit operating
and safety conditions related to at-sea operations, An EPA representative was

| onboard M/T Vulcanus during the initial burn. A U.S, Air Force representative

| participated in monitoring all three burns, Monitoring utilized on-line instrumen-
tation to measure CO and CO2, oxygen concentiration, and total hydrocarbons from.
both incinerators. These parameters served as a measure of overall combustion
efficiency with primary emphasis on the CO2/CO ratio in the effluent gases. Com-
bustion efficiency exceeded 99.9% during all three burns. Destruction and combustion
efficiencies measured during all burns met or exceeded requirements, All other
conditions of the permits related to at-sea incineration operations were met,

17. KEY wonus AND DOCUMENT ANALYSIS
M. DESCAIPTORS b.IDENTIFIERS/OPEN ENDED TERMS |¢. cosaT: Field/Group
Pollution Carbon Monoxide Pollution Control 13B 0B
Incinerators. Carbon Dioxide At-Sea Incineration :
Herbicides Hydrocarbons Herbicide Orange 08F - 07C
Waste Disposal Oxygen DPioxin '
Ships Butyl Acetates 13J
‘Sea Water _ 08J
T3, DISTRIBUTION STATEMENT 19, SECURITY GLASS [This Reporf) 1, ND 1
_ Unclassified . 5
Unlimited 20, SECURITY CLASS {This page) 27 FRICE )
Unclassified RN
EPA Form 22200 (873)  NATIONAL TECHNICAL

INFORMATION SERVICE

U5 DEPARTMENT OF COMMERLE
SPRINGFIELD, YA, 2218)



NQTICE

THIS DOCUMENT HAS BEEN REPRODUCED
FROM THE BEST COPY FURNISHED US BY
THE SPONSORING AGENCY. ALTHOUGH IT
1S RECOGNIZED THAT CERTAIN PORTIONS
ARE ILLEGIBLE, IT IS BEING RELEASED
IN THE INTEREST OF MAKING AVAILABLE
AS MUCH INFORMATION AS POSSIBLE.



RESEARCH REPORTING SERIES

Research reports of the Office of Research and Development, U.S. Environmentai
Protection Agency, have been grouped into nine saeries. Thaese nine broad cate-
gories were established to facilitate further development and appiication of en-
virgnmental technology. Elimination of traditional grouping was consciously
planned to foster technology transfer and a maximum interface in related fieids.
The nine series are:

1. Environmental Health Efects Research

2. Environmental. Protaction Technology

3. Ecological Research

4. Environmenia! Monitoring

5, Socioeconomic Environmental Studies

8. Scientific and Techdical Assessmant Reports (STAR)

7. Interagency Energy-Environm'ent Research and Devsiopment

8. "Special” Reports .' o |

9. Miscellanequs Reports _
This report has beeﬁ ﬁssigned 1o the ENVIRONMENTAL PROTECTION TECH-
NOLOGY series. This gseries describes research performed to develop and dem-
onstrate instrumaentation, equipment, and methodology 10 repair or prevent en-
vironmental degradation from point and non-poini sources of poltution. This work

provides the new or improved technology requirsed for the controt and treatment
of pollution sourges to meet environmentat quality standards.

EPA REVIEW NOTICE

This raport has been reviewed by the U.S. Environmentat Protection Agency, and
approved for publication. Approval does not signify that the contents necessarily
refiect the views and policy of the Agency, nor dees mention of trade names or
commercial products constitute endorsemant or recommendation for use.

This document is availabis to the public through the National Technical lnforma-
tion Service, Springfield, Virginia 22161 o

L]



2 | EPA-600/2-78-086
- April 1978

AT-SEA INCINERATION
OF HERBICIDE ORANGE
ONBOARD THE M/T VULCANUS

by

D.G. Ackerman, H.J. Fisher, R.J. Johnson,
R.F. Maddalone, B.J. Matthews, E.L. Moon,
K.H. Scheyer, C.C. Shih, and R.F. Tobias

TRW, Inc.
One Space Park
Redondo Beach, California 90278

Contract No. 68-01-2966
Program Element No. 1AB604

" EPA Project Officer; Ronald A, Venezia
U.S. Air Force Project Officer: James W. Tramblay

Industrial Environmental Research Laboratory
Office of Energy, Minerals, and Industry
Research Triangle Park, NC 27711

Praparad for

~ US. AIR FORCE - 1.5, ENVIRONMENTAL PROTECTION AGENCY
. QEHL/EC - ' _ and Office of Research and Development
Brooks Air Force Base, Texas 78235 Washington, D.C. 20460



ABSTRACT

This report describes at-sea incineration of approximately 10,400 metric
tons of U.S. Air Force-owned Herbicide Orange onboard the incinevator ship
‘M/T Vulcanus. Incineration took place within a Pacific Ocean burn zone located
_West of Johnston Atol) which was designated by the U.S. Environmental Protec-
 ;|t1oh Agenéy' Three shiploads of Herbicide Orange were incinerated. The first
shipload was transported from the U.S. Nava] Construction Battalion Base at
- Gulfport, Mississ1pp1, to the burn zone and incinerated under provisions of
U.S. EPA Research Permit No. 770DHO01R. Shiploads two and three were subse-
quently taken onboard the Vulcanus at Johnston Island and incinerated under
U.S. EPA Special Permit No. 770DH001S. The U.S. Air Force and Ocean Combus-
tion Services, B.V., The Netheriands {(owner of the M/T Vulcanus), were the

-,;¢perm1ttees

_ Monitor1ng, sampling. and anaIysis of the 1nc1nerat10n prncess to assure:
'-ﬁcomp11ance with U.5. EPA permit operating and safety conditions related to .
at-sea operations were performed by personnsl of TRW, Inc., Redondo Beach,
California. A U.S. EPA representative was onboard the Vulcanus during the
Research Permit burn. A U.S. Air Force representative participated in the
~monitoring team activities during all three burns.

Monitoring'activities ufi?izéd on-line instrumentation to measure carbon
-monoxide and dioxide, oxygen concentration, and total hydrocarbons from both
incinerators. These parameters served as a measure of overall combustion effi-
'c1ency with primary emphasis on the ratio of carbon dioxide to carbon monoxide
in the effluent gases. Combustion efficiency exceeded 99.9% during all three
' bUrns.' Herbicide Orange was injected into the incineration system at an aver-
age rate of 14.5 metric tons per hour. Optical pyrometer flame temperature
measurements averaged 1500°C. A dwell time of 1.0 second was caiculated for
the combustion gases in the incinerators.
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Effluent sampling wis accomp]ished?using a traversing sample probe
installed on the starboard incinerator. A USAF benzene impinger train and a
modified EPA Method 5 train were used to acquire combustion effluent samples.
Analysis of thegse samples was conducted to determine destruction efficiencies
for the normal butyl esters of 2,4-dichlorophenoxyacetic acid and 2,4,5 tri-
chlorophenoxyacetic acid, primary constituents of Herbicide Orange, as well as
2,3,7,8 tetrachlorodibenzo-p-dioxin, a contaminant present in the herbicide.
.Bestruction efficiencies in axcess of 99.9% were determined for all three
burns.

Destruction and combustion efficiencies measured during the Research and
Special Permit burns met or axceeded requirements. All other conditions of
the permits related to at-sea incineration operations were met including adher-
ence to a comprehensive safety plan.

This report was submitted in fulfillment of Contract No. 68-01-2966 by
TRW Defense and Space Systems Group, TRW Inc., under sponsorship of the U.S,
Environmental Protection Agency. This report covers the period 15 April 1977
to 15 April 1978. |
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1. INTRODUCTION, BACKGROUND, AND SUMMARY

1.1 INTRODUCTION

Thermal destruction of combustible wastes at sea is recognized as an alter-
. native to land based incineration., In late 1974 and in March of 1977, organo-
chlorine wastes were incinerated in the Gulf of Mexico by the Motor Tanker (M/T)
Vuicanus. These efforts, evaluated by the U.S. Environmental Protection Agency
(U.S. EPA}, provided a technical basis for concluding that at-sea incineration
is a viable alternative to other means of disposal.

Incineration of U.S. Air Force stocks of Herbicfde Orange was performed
onboard the M/T Vulcanys operating in the Pacific Ocean west of Johnston Atoll,
Approximately 10,400 metric tons were incinerated under permits granted by the
U.S. EPA. The first shipload, loaded at the Naval Construction Battalion Cen-
- ter at Guifport, Mississippi, was incinerated under Research Permit No. 770DHOOIR.
The second and third shiploads, loaded at Johnston Island (one of the islands
'comprising Johnston Atol1}, were incinerated under Special Permit No. 770DHQO1S.

The Herbicide Orange incinerated consisted of an approximate 50-50 mixture
by volume of the n-butyl.estars of 2,4-dichlorophenoxyacatic acid (2,4-D) and
2,4,5-trichlorophenoxyacetic acid (2,4,5-T)(1). There was.a small quantity of
- Orange II herbicide which consisted of an approximate 50-50 mixture by volume of
2,4-D and the iso-octyl ester of 2,4,5-trichlorophenoxyacetic acidtl]. Certain
lots of the herbicide containad the contaminant 2.3,7.B-tetrachlorodibenzo~pe
dioxin (TCOD}. The TCDD concentration in the entire stock of herbicide averaged
1.9 ppm and ranged from 0 to 47 ppm(l). Diesel fuel used to rinse herbicide
drums and equipment associated with dedrumming and Toading was mixed with the
herbicide for incineration. ' '

T From U.5. EFA Special Permit No. 770DHOO1S.

1



1.2 BACKGROUND

 The at-sea incineration of U.S. Air Force stocks of Herbicide Orange was a
cdmp1ex undertaking. A large number of U.S, Government organizations and ¢ivil-
 -ian\contractors contributed to the effort, and a brig? discussion of the program
organization will be helpful in understanding the scope of this report. '

:Permits to incinerate the waste were granted to the U.S. Air Force, owner
of the waste, and to Ocean Combustion Services, B.V., of The Netherlands, owner
of the M/T VuTcanus as co-permittees.

The U.8. EPA contracted with TRW, Inc., to perform environmental monitoring
during the incineration of the herbicide. This program was funded by the U.S.
Air Force. The scope of TRW's activities under this contract included design
and preparation of stack sampling and monitoring equipment, development of a
comprehensive personnel protection plan, development and implementation of a
sampiing and analysis protocol, acquisition of samples and monftoring of combus-
“ tion effluent during incinerator operation, analysis of the samples and moni-
toring data, and eva1Uation of the results.

o TRW's role in the .incineration. program was. thus 11m1ted to at-sea opera-
, f;tions Tt was TRH's respon51b111ty to monitor the foT]owing permit conditions
Iﬁfy(renumbered but verbatim from. Reference 1)

1. The Permittees are authorized to heat up inctnerators with fuel
0i1 while in route to the site but may not incinerate the des-
cribed wastes except in the site which is defined in longitude
and tatitude as follows: From 15 degreas 45 minutes to 17 degrees
45 minutes north latitude. From 171 degrees 30 minutes to

" 173 degrees 30 minutes west longitude.

2. During start-up, Herbicide Orange shall not be fed into the
incinerators until a flame temperature of 12809C has been
reached in the furnace and only one burner at a time shall
be changed over to the waste. The start-up temperature of .
1280°C must be reached before the next burner {s changed
over to Herbicide Orange.

3, Monitoring of the furnaces for temperature, and for complete-
ness of combustion, shall be in effect during the change-over,
A record of temperature shall also be maintained during this
time. _

4. The incinerator flame temperature shall be greater than
12500C when burning waste.



10.a.

10.b.

11.

12,

¢ v

An automatic shut-off device shall be in operation on both
furnaces, set to turn off the flow of waste if the flame
temperature drops below 12500C,

The Herbicide Orange feed rate to each incinerator shall not
exceed 11.5 tonnes/hour (11.5 metric tons/hour).

Incineration shall take place in the presence of excess air
such that there shall be a 3 mole percent minimum oxygen con-
tent *in the combustion product gas.

The combustion efficiency of the incineration and destruction
efficiency of waste during the incineration will be at least
99.9 percent complete. If the efficiency level falls below
99.9 percent, the incinerators on the Vulcanus will be shut
down immediately until corrective measures which assure

99.9 percant combustion efficiency are applied.

The emission rates of TCDD, 2,4-D, or 2,4,5-T will not be in

excass of 0,1% of the total amounis of TCDB 2,4-D or 2,4,5-T

in the Herbicide Orange waste. (Wright State University had

E$spgnsfbi1ity for analyses to determine emission rates of
¢D

An automatic sealed monitoring device (black box) will be
installed to record incineration activities and temperatures .

" and ‘camera to photograph the control panel every 15 minutes.

A manual log shall be kept and the following information
recorded at l-hour intervals:

Time, date

"Black box" temperature

Controlier tamperature raading

Waste feed rates

Switching of waste tanks

Wind speed and direction

Location

O - F Ao O T oW
L . T D I S

(For the third burn, this requ1rement was changed to 2-hour
intervals.)

A device for addition of ammonia to make a visible plume will
be installed,

Permittees shall ensure their position during transport and
within the discharge site at all times by on-board naviga-
tional aids, and shall maintain documentation of positien.



13. Permittees shall have installed and in operating condition a

- radio or other communications devices which are capable of
voice transmission to the mainland from the Vulcanus when in
route to the incineration site and during the incineration of

. the waste in the designated site, The frequency of reporting

and information to be transmitted is set forth in the Herbicide
Orange Contingency Plan contained in Appendix 9 of the hearing
record of April 7, 1977.

14. During the burns the Permittees shall transmit the following
information to EPA Headquarters every 24 hours:
Operéting temperatures
Average combustion efficiency
¢c. Significant malfunctions/incidents
15. The Permittees shall monitor for carbon monoxide, carbon diox-
ide, oxygen, 2,4-D, 2,4,5-T, TCDD and other parameters in

- accordance with the monitoring plan contained in Appendix B
(of the permit).

16. The Permittees shall comply with ali proviﬁions of the com-
prehensive safety plan set forth in Appendix C {of the permit).
' During incineration.of the first shipload, a U.S. EPA Representative was
'oﬁbﬁikd'to determine ‘compliance with permit conditioné.' During incineration
‘of the second and third shiplodds, the leader of the .TRW sampling team was
designated U.5. EPA Advisor relative to permit compliance.

The U.S. Air Force issued a contract (No. F41608-77-C-0169) to the Brehm
Laboratory of Wright State University (WSU} to perform analyses for the toxic
- contaminant {2,3,7,8-tetrachlorodibenzo-p-dioxin, TCOD) in the combustion effliu-
ent samples taken onboard the'ship during incineration. The analyses by Wright
“State were intended to determine compliance with the permit requirement that
emissions of TCDD not exceed 0.1% of the total TCDD in the waste, In other

 words, the destruction efficiency of TCDD was required to be not less than

99,9%.

The U.S. Air Force issued a contract {(No. F08635-76-D-0168) to Battelle-
Columbus Laboratories (BCL) to perform land based environmental monftoring
(air, land, and water) during the dedrumming and loading operations at Johnston
Ato11. BCL also analyzed combustion effluent, potable water, and workspace
air monitor samples from the ship for 2,4-D and 2,4,5-T.
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U.S. Air Force Occupational and Environmental Health Laboratories {OEHL)
at Kelly and Brooks Air Force Bases, Texas, analyzed miscellaneous samples from
both Tand based and at-sea operations. BCL and WSU analyzed a variety of sam-
ples intended to determine the effect of U.S. EPA approved ship cleaning proce-
dures after waste incineration had been completed. The TRW sampling team
leader had been designated by the U.S. EPA to monitor that portion of the ship

cleaning performed while the TRW team was still onboard the ship.

The Pinal responsibility of TRW to the U.S, EPA was to prepare a final
‘report assembling and evaluating all data relating to incineration operations
$0 as to detgrmine compliance with those permit conditions concerning at-sea
operations.

1.3 SUMMARY

Incineration of the herbicide took place in a U.S. EPA-designated burn
zone approximately 120 miles west of Johnston Atoll, as defined by the follow-
ing coordinates: 15%45' to 17°45' N latituds and 171°30° to 173°30' W Tongi-
tude. The relationship of the burn zone to Johnston Atoll and the Hawaiian
Islands is- shown An Figure 1

A total of 10,400 metric tons (8?80 m » 2.31 million ga11ons) of waste was
‘burned, requ1r1ng 714 tiours. The average incineration rate was 14.5 metric
tons per hour or 7.3 metric tons per hour per incinerator. For all three burns,
the average flame temperature was 1500°C as determined by daily optical pyrom-
- eter measurements, Thé average incinerator wall temperature {controller
thermocoupie) was 1273% fdr all three burns. For the three burns, the average
combustion effluent flow rate per incinerator was calculated to be 70,700 cubic
meters per hour (dry gas at 20°C). @iven these average conditions of combustion
air and waste feed rates and temperature, the average calculated incinerator
residence time was 1.0 second. The incinerator residence time was the time
available for a waste molecule to be converted to combustion products.

_ Stack sampling operations utilized a USAF-OEHL benzene impinger train and

a modified U.S. EPA Method 5 train (Lear-Siegler) which incorporated an organic
vapor sorbent trap. The USAF-OEHL train was the primary train for acquiring
samples for TCDD analysis, whereas the Laar-Siegler train was used to acquire
samples to be analyzed for organic species potentially présent in the combustion
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“Figure 1. Geographical relationship of burn zone to
Johnston Atoll and the Hawaiian Isiands.

effluent. The Lear-Siegler train also served as a backup to the USAF-OEHL train.
These stack samples were subsequently analyzed to determine how effectively the
incineration process destroyed constituents of the waste. Stack samples were
acquired by a remotely activated, water~cooled, stainless steel probe capabile

of traversing the starboard stack diameter of 3.4 meters.

~ During stack sampiing operations, incineration effluent products were
simultaneously monitored for total hydrocarbons, carbon monoxide, carbon diox-
ide, and oxygen, Concentrations of these species were measured in real time to
monitor the overall combustion efficiency of the incinerator. Instrumentation
for these measurements was housed in a modified shipping container lashed to
the ship's deck.
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~ Data from the on-line analyzers and the results of the analyses of the
stack samples were used to calculate incineration efficiencies. Combustion
efficiencies were calculated from the on-iine monitoring data. Four different
waste destruction efficiencies were calculated, one from the hydrocarbon ana-
lyzer data and three from laboratory analyses. These incineration efficiency
terms are defined in Table 1., Average values for the incineration efficiencies
are given in Table 2. -

Results of the analyses by TRW, WSU, and 8CL and of the reduction of the
on-Tine monitoring data indicate that the performance of the Vulcanus' incin-
erators was consistently greater than 99.9% in terms of combustion and destruction
efficiencies for 2,4-D and 2,4,5-T and total organic material. Analyses of first
and third burn samples for TCDD led to destruction efficiencies greater than
99.9%. Analyses of second burn samples for TCDD led to destruction efficiencies
of >99.89% and »99.87%., The fact that these destruction efficiencies were appar-
ently marginally lower than the required 99.9% was because of problems during
the TCDD analyses (Section 4.2.5). Chemical interferencas during the TCOD
analyses led to higher than usual detection limits. Although TCDD was detected
~in Qn]y part of one of the second burn samples, the detection limits are such |
~that these two destruction efficiencies were calculated to be »99.89% and »99.87%
rather than 99.9%, It is considered, therafore, that the chemical interferences

TABLE 1. DEFINITION OF INCINERATION EFFICIENCY TERMS

Efficiency Term Method of Calculation

Overall combustion efficiency DEg . =100 X [ %60, 1~ [ %¢0 )

[ % CO2 ]
Total hydrocarbon (THC) DEpye = 100 X [ THC fed 3 - [ THC found ]
destruction effictency [ THC fed ]
Herbicide Orange (HO) DE g %100 X [ HO fed ] - [ HO found ]
destruction efficiency [ HO fed ]

100 X [ TCDD fed ] - [ TCDD found ]

TCOD destruction efficiency DETCDD
[ TCOD fed ]

Chiorinated hydrocarbon {CHC) .DECHC = 100 X [ CHC fed ] - [ CHC found ]
destruction efficiency ' [ CHC fed ]
. — . — Ty s == —




TABLE 2. SUMMARY OF CALCULATED INCINERATION EFFICIENCIES

. . L

First Second Third ~ Combined
Burn Burn Burn 3 Burns
DE,; 99.992 99.989 99.983 99,990
_(a)
DEqye 99,982 99.992 99,985
DE,, - »99,999 >99,999 >99.999 '>99,999
DErcpp  299.99 99,88 299,96 99,93
DEcpe >99.999 >99.999 >99.999 >99,999

(@)yc Analyzer was inoperative during third burn

~ and not'inadequate incinerator performance caused the marginal destruction
efficiencies. The extremely high destruction efficiencies for 2,4-D and 2,4,5-7
. ﬁ_during-the second burn (Section. 6) support this contention.

L Most]y g1ass components were 1ncorporated in the samp11ng trains which
'f7stood up well to the corrosive (HCI) ‘combustion’ eff]uent ‘The on-line ana-
lyzer system functioned adequately and maintained adequate sensitivity for
measuring combustion gases, Some damage to the CO and hydrocarbon analyzers
occurred from the corrosive gases passing through them, necessitating more fre-
~ quent maintenance and calibration. The damage was caused by an engineering

- oversight which left a cold spot in the system. Condensation thus occurred,
and 1t was the condensate that damaged the instruments. No effects from the
unusual shock vibration or saltwater environment were noted.

Incinerator controls and instrumentation were adequate. Redundant incin-
erator wall thermocouples would be desirable from an operational standpoint
because loss of wall thermocouples would shut off incineration and because they
cannot be replaced while the incinerators are hot. '



]
The personnel protzction procedures described in Section 5 worked satis-
- factorily. A boundary~isolation method of excluding Herbicide Orange from
1iving areas of the ship was used effectively. There were no major exposures
- of personnal to Herbicide Orange. Minor sxposures occurred during the first
burn when the incinerator exhaust plume impinged on tha ship. Brief plume
~ impingements (5 to 60 seéonds) resulted from burner flameouts caused by a
layer of material (later identified as water with traces of arsenic and sodium
salts of 2,4-D and 2,4,5-T) floating on top of the waste reaching the burners.
Flameouts were avoided subsequently by switching two of the three burners in
each incinerator to other tanks when nearing depletion of the waste tank being
pumped.

A significant result was derived from on-1ine monitoring data taken during
a traverse across the starboard stack. It was found that wall effects on the
combustion affluent gas composition from Harbicide Orange incineration were
nonexistent at distances greater than 10 cm from the inside incinerator wall
surface. Therefore, incinerator combustion efficiency could be determined
using a fixed pos1t1on probe

-. The at—sea incineration of Herbicide Orange Was succ&ssfu]?y completed
The Perm1ttees comp11ed with a11 permit conditions related to at-sea operations _
in the designated burn ZOne and Tisted in Section 1.2. ' '



2. DESCRIPTION OF THE M/T VULCANUS

2. 1 GENERAL LAYOUT OF VESSEL

The MfT Vu]canus originally a cargo ship, was converted in 1972 to a
chem1ca1 tanker fitted with two large incinerators located at the stern. The
vesse] meets all applicable reguirements of the Intergovernmental Maritime
Consultative Organization (IMCO) concerning transport of dangerous cargo by
tanker. Figure 2 is a picture of the vessel, and Table 3 gives'some of the
ship's specifications. Both the picture and the table were furnished by Ocean
Combustion Services, B.V., Rotterdam, The Netherlands, wito manage the vessel.

Because of her size — an overall length of 102 meters, a beam of
14, 4 meters, and a maximum draft of 7.4 meters — the Vulcanus is able to

Figure 2. M/T Vulcanus — incineration vessel.
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CTABLE 3. SPECIFICATIONS OF THE M/T VULCANUS

Length averall 101.95 meters

Braadth 14,40 meters

Draft, maximum 7.40 metars

Daadweight (DWT) 4,768 metric tons

Speed : 10-13 knots

Tank capacity 3,503 cubic meters (cu m)

Number of tanks 15, ranging in size from 135 cum to
5 cum

Tank coating Mo coating in tanks, pipas, pumps, etc.
:lle?quipment consists of low carbon

Loading equipmené Mot available, but can be placed on
, board, if required

Hose connaction 19.2, 15.2, and 20.3 centimeters
: (4,6, 8 inches)in diameter

Safety equipment . Specially desfgned for this task and in
accordance with latest requlations of
IMCO, Scheepvaart-inspectie (The Hague)

Waste to be processed Must be liquid hndpumpable. May con-
- : tain solid substances in pieces up to
5 centimeters 1n size. Must not attack

mild steel
Incinerators t ' 2 |
Per incinerator: -
Overall height 10.45 m
Combustion chamber
0D : 5.5 m
I 4.8 m
Stack {top)
op : ' ' .3.8 m
iD _ 3.4m
Waste faed (max) 12.5 metric tons/hour
Combustion air {max) 94,000 mafhour
Gurnars (Vortex typa) 3
volume 120 3
Residence time : _ 1.0 sec at 1500 *C (calculated)

P e e e e e e e e
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obefaté'wdr]dnide. Two diesel engines drive a single propeller to give cruis-
“ing speeds of 10 to 13 knots. Her crew numbers 18; twelve to operate the ves-
sel and six to operate the incinerators.

2.2 TANKS AND PUMPS

~ The Vulcanus is a double-hull, doubie-bottom vessel. HWaste is carried.in
15 cangd tanks-which range in size from 115 to 574 cubic meters (ma) with an
overall capacity of 3503 m3. Figure 3 is a schematic of the cargo tank layout.
‘Tanks are Filled through a manifold on deck using a dockside loading pump.
During .normal operation the waste tanks can be-discharged only through the

~ incinerator feed system. There is, however, provision for discharging the cargo
" into the ocean if an emergency arises. Piping system construction makes it
possible for any tank to be connected to etther incinerator and for cargo to be

' transferred from one tank to .another.

The space between the two hulls is used for ballast. Ballast tanks may be
filled with seawater and emptied independently as required to trim and balance '
the'sh1p. Fuel 0f1 1s carried in tanks under and in the engine room. The

: _engine room is. ‘separated from the cargo tanks by double bu?kheads The pump

'-room and generator room are situated between the engine room and the: waste

"ng tanks.

TANK 6P TANK 5P TANK 49 TANK 3P TANK 2P PORT
TANK 5C TANK 4C TANK 3¢ TANK 2¢ TANK 1C
TANK 65 TANK 55 TANK 45 TANK 3% TANK 25 STARBOARD

P = PORT, C = CENTER, S = STARBOARD

Figure 3. Cargo tank layout schematic.
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2.3 INCINERATOR SYSTEM

Waste is burned in two identical refractory-lined furnaces located at the
stern.  Each incinerator consists of two main sections, a combustion chamber
and a.stack,'throqgh which the combusting gases pass sequentially (Figure 4).
This dual chamber configuration, which is characteristic of most high intensity
combustion systems, uses the first chamber for internal mixing and the second
for adequate residence time. Table 3 givas characteristics of the incinerators.

Combustion air is supplied by large fixed speed blowers with a ratad maxi-
mum capacity of 90,000 cubic meters per hour for each incinerator. -Adjustable
vangs are incerporated in the combustion air supply system. When they are
daflected, system pressure drop is increased, and the flow rate s reduced.
Although no instrumentation is installed to monitor air flow rate, normal

)
R IS SVE—n |
4.6M ' 1.0 ‘
. STACK
1
1 — !
1.4 M
10,45 M _
s A AM i
1.0.
. _ COMBUSTION
I M : CHAMBER
| EReR S
-

Figure 4. Incinerator configuration.
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E ope-rétion' is stated 'by the ship's chief engineer to be between'?-S.OOO and
80,000 cubie meters per hour at ambient conditions,

Liqu1d wastes are fed to the combustion system by means of e1ectr1ca11y
driven pumps. Upstream of each burner supply pump is a device (Gorator) for
reducing the-so]ids in the waste to a pumpable slurry. The Gorator also acts
as a mixing pump by recirculating the waste thfodgh the waste tank. Power for
the blowers, pumps and other parts of the incinerator system is supplied by
two diesel-generators with a total capacity of 750 kW at 440 volts and
60 Hertz

_ Three burners of the vortex type are located at the same level on the
-periphery of each furnace near its base. . The burners are of a rotating cup,
concentric design and deliver waste or fuel oil through a central tube to an
atomization nozzle, where it meets high velocity air delivered through an
annulus. The burners are positioned as shown in Figure 5,

STARBOARD
. FURNACE
: BURNER 5

THERMOCQUPLE INDICATORS '
. (BLACK-BOX AND CONTROL PANEL)

{STARBOARD FURNACE)

TRERMOCOUPLE FOR STARBOARD
FURNACE AUTOMATIC SHUT-OFF

o BURNER 6.

BURNER 4

BURNER 3

PORT
FURNACE
THERMOCOUPLE FOR PORT

FURNACE AUTOMATIC SHUT-OFF

THERMOCOUPLE INDICATORS
(BLACK BOX AND CONTROL PAMEL)

(PORT FLRMNACE)

- BURNER 1 BURNER 2

Figura 5. Incineration system — burner and thermocouple locations,
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Three-way valves are utilized on each burner to provide either waste feed,
fugl oil feed, or a shutoff condition. Waste and fuel oil cannot be valved into ‘
a burner simultaneously; however, alternate burners could be operated with fuel
and waste to achieve higher or lower combustion temperatures if necessary,
depending on the relative heat contents of the fuel oil and waste.

Perigdically the burners require cleaning. They are normally cleaned one
at a time with the remaining two firing waste. Cleaning is easily accomplished
because the burners are readily accessible. Each burner has a vertical pivot
so that 1t can be swung out of the furnace. The opening left by this operation
is teﬁporari]y closed by a cover., The burners are cleaned by a metal tool which
is pushed through the burner.

2.4 RECORDING AND CONTROL EQUIPMENT

2.4.1 Naste Measurements

A new measuring system was installed into each tank for the Herb1c1de
Orange burns. It was a sealed system to prevent waste vapors from escaping.
However, this system proved unsat1sfactory because it measured only the top
one-third- of each tank and because the tanks had to be vented to. atmosphere
in order to pump wasta out. Sounding the depth of waste in each tank w1th a
tape was another method of determining burn rate. Both of these methods were
only useful in port or in calm seas (i.e., minimum ship rol1l). During the
actual burns, the total time was recorded for empty1ng each tank and a time
averaged waste feed rate was determined.

2.4,2 wal Tempgrature Measurements

Temperatures during operation of the incinerators were measured by two
platinum-platinum/10% rhodium thermocouples in each incinerator. Each pair is
located in a well opposita one of the burners (Figure 5). One thermocouple is
located approximately 1.3 cm from the inside surface of the refractory lining.
This thanmocodple provides temperature information to the automatic waste shut-
off system and is called the controller thermocoup1e. A second thermocouple,
approximately 4 cm from the inner surface of the firebrick, is referred to as
the "indicator” because it provides temperature information to a panel located
in the incinerator control room and to a panel (“black box") locatad on the
bridge. -
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 The thermocouples used to activate the automatic waste shutoff system and
- the recording equipment have been quite reliable and durable according to per-
sonnel of the M/T Vulcanus. There were no failures during the operations cov-
ered in this report.,

2.4.3 Emergency Automatic Waste Shutoff

A Plastomatic 2000 system (supplied by Withoff-Phillips, Bremen, West
Germany) was used for the emergency automatic waste shutoff. This system uses
a thermocouple controlled, spring loaded, solenoid actuated valve which shuts
off waste to the burners when the temperature of the furnace drops below a pre-
~ set selected temperature. During these tests the U.S. EPA required the Plasto-

. matic controlier to be set such that waste flow would be shut off if the flame
temperature dropped below 1250°C.

If the temperature in a furnace should drop below the preselected minimum,
the Plastomatic 2000 solenoid is deactivated, allowing a spring loaded valve to
'closé, shutting off the flow of waste to the three burners of that furnace.

. The valve which is closed shuts the waste Tine in both directions and aiso stops
‘the waste pumps by cutting power to them. A power ‘failure or thermocoup1e burn-

- out. in the Piastomatic 2000 system would also shut off the f1ow of waste to the

burners invelved. '

1f the system should shut off the waste flow, the pump which has been
stopped and the valves which have been closed may be restarted after the cause
has been identified and corrected and after the Plastomatic has been reset. It
should be noted that operating procedures require restart and reestablishment
of the required flame temperature using fuel oil before waste can be burned
again.

The controller thermocouple was also utilized to indicate real-time tempera-

‘ture measurements. This was accomplished by adjusting the controller dial from
the shutoff temperature setting to increasingly higher temperature settings.

When the adjusted setting was coincident with the actual temperature sensed by
this thenmocouple,_thé feed valve relay clicked. Observation of the pointer
location with respect to the temperature scale on the dial provided a tempera-
ture reading. The waste shutoff system was not immediately activated because

a time delay was incorporated in the electrical circutt. The pointer was then
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reset to the required automatic shutoff temperature before the system activated.
The ability to record temparatures in this manner was useful in the event that
the indicator wall temperature thermocouple should fail during operation.

2.4.4 Speci§1 Equipment

Certain equipment has been installed on the Vulcanus because of its partic-
ular type of operation. Thase items of equipment are:

o Loran and Decca Navigational Systems: This equipment is needed
Th American (Loran] and European (Decca) waters in order to
Tocate the ship precisely at all times. Celestial navigation
was used to locate and keep the Vulcanus in the designated
burn zone.

¢ Anemometer: This equipment measures the velocity and force
of the wind. It is, therefore, useful in selecting an atti-
tude of the ship during various wind conditions such that the
plume may be directed away from the ship and its personnel.

¢ Radio Communication: The Vulcanus {s equipped with $SB (single

side band) and D38 (double side band) radio for voice and contin-
uous wave communication; MF (medium frequency) and SF (short
wave) telegraphy; Marifoon (VHF) {all chamnels) for close-in

~voice communication; and Semafoon (a private telephonic communi-
cation system).  For this program, a Hagenuck Synthesized Trans-
ceiver was installed to permit voice communication over all
marine frequencies. A radio was also located on the bridge
i? that the watch officer could hear marine broadcasts at all

mes, ' :

¢ Optical Pyro